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Phospholipases A have been characterized in fetal rat 
epidermis. Both a calcium dependent phospholipase A 
mth pH optimum of 8.5 and a calcium independent en-
zyme with a pH optimum of 4.5 were found. Activity 
against both acyl groups of phosphatidyl choline were 
found for both enzymes and the findings suggested that 
the acid enzyme (pH 4.5) is pl'imarily phospholipase AI' 
The specificity of the alkaline enzyme with respect to 
acyl groups could not be determined due to the marked 
hydrolysis of lysophosph.atidyl choline. Lysophospholi-
pase activity had similar pH and calcium requirements 
as the alkaline phospholipase A and the 2 activities could 
not be dissociated in these experiments. The acid phos-
pholipase was localized primarily in a fragile large par-
ticle fraction while the alkaline enzyme was present in 
various subcellular fractions and most active in the sol-
uble supernatant. These findings demonstrate that epi-
dermal phospholipases A are similar to those in other 
mammalian tissues. The presence of both acid and al-
kaline enzymes at various subcellular loci suggest that 
the enzymes may play important roles in many facets of 
epidermal membrane metabolism and in particular in 
the degradative events of keratinization. 
K eratinization of epidermal cells occurs co ncomita n tly with 
programmed catabolic phenome na which include t h e degra da- . 
tion of intracellul aJ' membra n es and hydrolysis of phospholip-
ids. Almost complete disappeara nce of phospholipids from ker -
atinized cell s has been well documen ted [1 ,2]; we h ave recently 
s hown that phospholipids are hydrolyzed a nd t h eir fatty acids 
esterified to less polar lipids [3] a nd othe rs have demonstrated 
t h e accumulation of products of sphingolipid hydrolysis [2,4J in 
keratinizing epidermis. The orderly death of t he epiderma l cell 
s uggests that te rminal even ts a re assoc iated wi t h activation of 
hydrolases a nd in particular of phospholipases. 
Phospho lipases A are e nzym es thht d eacylate phospholipids 
at t h e 1 and/or 2 carbon position. Enzymes hydrolyzing fatty 
acids at carbon 1 or carbon 2 al 'e d esignated as phospholipase 
AI or A~ respective ly [5]. They have been associated wi t h 
plasma m embra nes, mitochondria, Iysoso m es, microsom es and 
other int racellular organelles [6-11] a nd a re b e lieved to play 
importa nt roles in selective a nd genera lized catabolic events in 
cells. Differences in the sp ecific ity of t h ese enzym es with r espect 
to th e il' actions at carbon 1 or carbon 2, affini ty for specific 
phospholi pids, pH o p tima and calcium req ui.re m e n t have been 
demonstrated in a variety of t issues a nd subcellula r organelles 
[7-9, 11- 13]. 
P h osph olipase A activity was first de monstrated in m a m -
malian epide rmis by Long [14]. P h osph olipase A'!. activi ty has 
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recently been s h own in guinea pig skin and is increased after 
ult raviolet i.rra diation thus providing arach adonic acid as sub-
strate for prostaglandin synth esis [15]. It t hus seems possible 
th at phospholipase A may play critical roles in a variety of 
m etabolic even ts in e pidermis r angin g fr om cell death during 
keratinization to more selective m embrane perturbations such 
as secretion of lamellar bodies, t h e uptake a nd degradation of 
m e la nosom e complexes, or ul travio let ligh t damage. 
The presen t studies were und erta ken to ch aracterize t h e 
phospholipases A of ep idermis a nd represent part of on going 
studies on t he role of hydrolyt ic e vents in epid erma l m etabo-
lis m . 
MATERIALS AND METHODS 
Tissue 
retal rats were removed from pregnant mothers (Sprague-Dawle.v 
strain) sacrificed with in tracardiac sod iu m pentobarbital at 20 days of 
gestation. Fetuses were sacrificed by decapitat ion and the dorsa l and 
latera l skin was removed, cut in to strips and immersed in 0.22 M NH.,CI 
(pH 9.5) for 2 min at 4°C. T he skin was thoroughly washed with .01 M 
phosphate buffer in .85% sa line (pH 7.4) and the epiderm is was gently 
peeled away with forceps. Adequacy of separation of whole epidermis 
and dennis by this method was moni to red by routine histo logy. 200-
400 mg of pooled epidermis from 2 or 3 li tters was homogenized in 0.25 
M sucrose in glass homogenizers and homogenates were centri fuged at 
700 g. Supernatants, free of nuclei and partially disrupted cells, were 
used in subsequent experiments, immediate ly afle r homogenization. 
Subcellular frac tions were prepared from 700 g supernatants centri-
fuged at 17,000 g fo r 45 min 0 1' 100,000 g in a Beckman preparative 
ul tracentrifuge for 60 min. Pellets were resuspended in appropriate 
volumes of 0.25 M sucrose. 
Phospholipid S lIbstrates 
l -acyl-2 ["'C] linoleyl glycerol-3 phosphocholi ne (["'C]PC) was syn-
th esized by a modification of the method of Wa ite and van Deenen Pl 
as fo llows: 2.0 mg of PC (lecit hin from egg yolk. S igma) disso lved in 0.2 
ml diethyl ether was incubated fo r 60 min at 37° with 1.4 units of 
phospho lipase A2 (Vipera russelli , igma) 2 ~l moles CaCb in .05 M T ris 
buffe r pH 7.'1, in a tota l volume of 0.6 m\. Lipids we re ext racted by the 
method of Folch, Lees, and Sloane [1 6] and purity of the preparation 
determined by thin-layer clu'omatography (see below). Only Iysophos-
phatidyl choline (LPG) and free fatty ac ids were present after incuba-
t ion, as deteJ'mined by t.hin-Iayer chromatography (TLC). 
The unlabeled LPC mixed with 10 ~lC i-["'Cl-linoleic ac id (Amer-
sham-Searle) was suspended in 0.1 IllI diet hyl et her and incubated wit.h 
0.5 gm of freshly prepared whole homogenares of rat liver. 20 ~l moles 
ATP, 0.5 Il moles CoA, 0.15 mmoles ar and 25 Ilmoles MgCI" in a 
tola l volume of J ml Krebs- Hinger bica rbonate buffer in 5';' CO!/95';-
O2 for 2 hr at 37°C. 
Lipids were extracted [16] and I he 'hloroforl11 ext ract was passed 
over a DEAE cell u lose colum n. Neutral li pids we re elut ed with chl o-
roform and (, "C1PC wit h 5% methanol in chloroform . Only I race 
amounts of LPC were elu ted in this frael ion. Cont aminaling fat ty ae ids 
(including some ["'C] li noleic acid) were removed by extrac tion of the 
PC fractio n with 0.1 N borate buffer (pH 10) (1 71) . ["'C1PC was dried, 
resuspended in chloroform and assayed fo r plII'ity b~' TLC. 
Incubation of the PC fract ion wit h phospholipase A2 and subsequent 
TL revealed 98% of the rad ioact ivit y in fatty ac ids and 2", in LPC 
thus establishing that the labeled P was 98r~ l -acyl-2 ["'Cl linoleyl 
glycerol-3 phosphocholine. ["C1PC was sto red in chloroform at -20°C 
uncleI' nitrogen and puri ty was maint a ined for a t least 2 mo. 
Experiments report.ed here were performed wit h 7 different batches 
of [' ·'C1PC. Phosphorous co ntent was determi ned in PC isolat.ed by 
TLC [18l In the substrates used, specific ac tivity ranged fro III 2.7 X lOr, 
to 1.5 X 10" DPM ~lmo l e. 
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[ "'C] lysophosphatidyl choline (['''C] LPe) was synthesized by incu-
bating 10 p.e of I , 2[ 14e] 0Ieyl-glycerol-3 phosphocoline (Applied Science 
Inc.) with 1 mg of unlabeled PC and phosphocholine A2 as above. [' <lC] 
LPC was purified by passing lipid extracts over DEAE cellulose. ["'C] 
LPe was obtained by sequential elution of neutra l li pids (chloroform), 
PC (5% methanol in choloroform) and LPe (10% methanol in chloro-
form). The resul ting fraction Of['4C] LPC was contaminated with about 
10% [ 14e] LPC oleic acid. which could not be removed with borate 
buffer without substantial loss of LPC. The purity of ["'C] LPC was 
veri fied by TLC but the precise position of ["'C] oleic ac id was not 
determined. 
Assay of Phospholipase A 
0.1 ml of homogenates (containing from 50 to 800 flg protein) was 
added to [ '·C]pC suspended in .05 ml taul'Odeoxycholate (0.25 01' 0.5% 
final concentration), 2 mM CaCI, 0 1' 2 mM ethylenediaminetetraacetate 
(EDTA) , 0.2 ml 0.1 M glycine-NaOH buffer (final pH 8.5) or 0.1 M 
acetate buffer (final pH 4.5) in a total volume of .36 ml. Incubations 
were carried out for 45 min at 37°C and terminated by addition of 10 
ml chloroform methanol (2:1). Approximately 25,000 DPM 03-74 
nmoles) [,"C]PC was added per incu bation vessel. Duplicate or tripli-
cate assays were performed in each experimental situation. Unincu-
bated control vessels were run with each experiment. 
Lipid Analysis 
2-d imensional TLC was employed for assays of phospholipase activ-
ityand for monitoring [' <Ie ] phospholipid substrates [J 9]. Total lipid 
extracts were quantitatively applied to one corner of silica gel G plates 
scored for horizontal and vertical solvent fronts (Merk). After the first 
solvent (chloroform: methanol:acetic ac id:H20 -52:20:7:3) was run to the 
top, plates were a ir dried and the zone 1 cm below the solvent front 
scraped off to recover neutral lipids including ["C] fatty ac ids. The 
plates were then washed with acetone, air dried and developed in the 
second dimension with chloroform:methanol:40% methyl amine:H20 
(65:31:5:5). PC and LPC were identified with iodine vapors according 
to mobilities of authentic markers and scraped off. For localization of 
reference markers and monitoring of substrates, plates were sprayed 
with ammonium molybdate-H 2SO". 
Silica gel scrapings were counted directly in Aquasol (New England 
Nuclear); counts were corrected for quenching by t he channels ratio 
method and expressed as DPM. 
T he ini t ial concentration of ["'C] PC or [" 'e] LPC was determined 
from unincubated contro l vessels. DPM of LPC and fatty acids in 
experimental vessels were corrected for blank values in the controls. 
DPM in total lipids was determined [01' each experimental vessel and 
recovery in PC, LPC and fatty acids fractions was more than 95%. 
Phospholipase A activity was ex pressed as % ["'e]PC hydrolyzed as 
ca lcul ated from the DPM appearing as ["'C] fatty acids and [ '<lC] LPC 
and from the loss of ["'e] PC. Phospholipase A, was calculated from 
[ "C] LPe and A2 from [' ''C] fatty acids. Lysophospholipase activi ty 
was calculated from the disappearance of [ "C] LPC and the generation 
of ["'C] fatty acids. In experiments where the quantity of PC was 
assessed, the results were expressed as nmoles PC hydrolyzed as cal-
culated from the corrected specific activ ity of substrate PC. 
Concentration of PC 
PC content of substrates and I~ omogenates was assayed as phospha-
t idyl choline phosphorous in silica gel scraping from 2 dimensional 
TLC after acid hydrolysis [18] by the Barlett method [20]. 
Proteins 
Prote in co ntent of homogenates was assayed by the method of Lowry 
[21]. 
RESULTS 
Phospholipase A activity was r eadily demonstrable in epi-
d ermal homogen ates as measured by disappearance of [' ''C ] 
PC. Hydrolysis of s ubstrate was linear wit h time for at least 60 
min. Heating to 100°C for 10 min totally abolish ed activity. 
Prior t reatmen t of whole skin with 0.22 M NH"CI vs, saline did 
not s ignifican t ly alter activity, thus indicating that t h e m eth od 
of epid erma l separation did not a ffect phospholipase activi ty. 
pH Optima 
Initial efforts were directed towards determining the pH 
optima for phospholipase A, In the absen ce of calcium, a well-
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defined peak was observed at pH 4.5. A second broad peak was 
observed in t h e a lkaline range (data not shown) , When experi-
ments were performed with a dded calcium (Fig 1) over a ra nge 
from pH 3 to pH 10 an optimum was found at pH 8.5 with a 
poorly defined sh oulder between pH 4 and 6. These results 
suggested t hat t h ere were 2 different phospholipase A enzymes: 
optimally active in t h e acid and a lka line range respectively. 
E ffect of Calcium 
As suggested above, phospholipase A was activated in th e 
presence of calcium up to concentrations of 2 mM at a lkaline 
pH. Higher concentrations appeared to depress activity (Table 
I) , At pH 4,5, calcium did not increase hydr olysis of PC. 
Phospholipase A I and A~ 
P hospholipase activity was assessed both by disappearance 
of C"C] PC and by appearan ce of C"C] LPC a nd [1 <lC] fatty 
acids. 
Theoretically C"C] LPC represents hydrolysis of acyl-1 and 
phospholipase AI activity. '''c fatty acids a r e due to hydr olysis 
of acyl-2 a nd this can represent activity of phospholipase A2, A 
or of lysoph ospholipase. At pH 4.5 from 70-90% of t h e hydro-
lytic product was [ I"C] LPC suggesting t hat t h e major activity 
of t h e acid enzyme was di.rected against acyl-1 (phospholipase 
A,), No changes in the r elative proportions of [ "'C ] LPC or [ '·C ] 
fatty acids were observed at pH 4,5 with variation in homoge-
nate concentration, lengt h of incubation (up to 1 hr) , addition 
of calcium, tauroch olate, or in subsequent experiments with 
subcellular fractions. 
A t pH 8.5 virtually all t h e h ydroly tic product was [ I'IC] fatty 
acids. When calcium was omitted from t h e assay vessels 60-
90% of the product was [' ''C) LPC suggesting t hat phospholipase 
AI activity was present. The much greater d egree of h ydl'olysis 
only to C"C ] fatty acids in t he presence of calcium (Table I) 
t hus implicated activity of a Iysophosph olipase. It also sug-
gested the presence of a n alkal ine calcium sens itive phospholi-
pase A2 s ince this enzym e h as been sh own to be calcium 
%14C PC 
HYDROLYZED acetate 2 1y-G '¥ .Gly-Naq,H 24 
20 p.Q.-q 
,. / , 
, 
16 ,P , / , 
/ , 
/ 
12 __ 0' b 
8 <>----<>+CaCI2 
4 ---CaCI2 
2D 4D 6D 8.0 10.0 
F I G 1. pH curve fo r phospholipase A. Experiment conducted as per 
text. Homogenate (700 g supernatant; 210 flg protein) buffered with 0, 1 
M acetate (pH 2.0- 5.0), 0.1 M glycyl-glycine (pH 6-7) , 0.1 M glycine-
NaOH (pH 8- 10) with 2 mM CaCb (0---0) and without (e-e) 
(wi th 2 mM EDTA): taurodeoxycholate .05% added to all vessels. 
TABLE I. Effect of calcium Oil. phospholipase A 
CaCI, (mM) 
o (EDTA 2mM) 
0.5 
2.0 
4.5 
7.5 
% [,"C] PC Hydrolyzed" 
pH 8.5 
9.8 
17.8 
24 .3 
20.4 
18.2 
pH 4.5 
20.6 
II 
20.4 
" Experiments conducted as per text. Results represent a represent-
ative experiment. Protein concentration 550 flg per vessel. 
b Not done. 
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T ABLE II. Epidermallysoph ospholipase 
% ["'C) LPC hyd rolyzed" 
CuCl, 
pH 8.5 pH 4.5 
44.4 1.2 
+ 96.2 0.2 
" l-["'C]-oleyl lysophosphatidyl choline (["'C] LPC) prepared as per 
text. 2.7 nmoles, 20,000 DPM [, "C] LPC added to homogenate (300 f.Lg 
protein) , with 2 mM CaCb or 2 mM EDTA, .025% TDC in 0.5 ml buffer 
at specified pH. Resul ts expressed as percenl of added substrate hydro-
lyzed in a representative experiment. 
dependent in many t issues. However, defini t ion of the relative 
specificities of the alkaline enzyme would req uire the use of 
su bstrate labeled at acyl- I. * 
Lysophospholipase 
Hydrolysis of LPC was investigated with 1-[ I"C]0Ieyl-3-glyc-
erol phosphocholine (C"C] LPC) as substrate (Table II) . In the 
presence of calcium nearly all of the substrate was hydl'olyzed 
at pH 8.5. Activity was somewhat lower in the a bsence of 
calc ium. In con trast a t pH 4.5 negligible hydrolysis of LPC was 
observed wi th or without calcium. Ta urodeoxycholate and Na 
deoxycholate did not significantly affect hydl'olysis of LPC nor 
enhan ce the accumulation of [" 'C] LPC from hydrolysis of [ "'C] 
PC (resul ts not shown). H ea ting homogenates to 55° and 60° 
for 5 min destroyed 65 and 87% of lysophospholipase activity 
bu t did not preserve phospholipase A to a greater extent. In 
this r espect, Iysophospholipase of epidermis diffe rs from some 
oth er t issues where differences in thermal stabili ty or inhibit ion 
by deoxycholate permit t he assessment of phospholipases while 
lysolecithinase is inhjbited [7J. 
T he data thus suggest that at the acid pH there is both 
phospholipase AI and A2 activity, since the lysophospholipase 
is inactive under the experimental condit ion but that AI activi ty 
predominates. At alkaline pH there is phospholipase AI and 
proba bly A2 activity but the latter cannot be distinguished from 
lysophospholipase activi ty on the basis of the present experi-
men ts. 
Effect of T aurodeoxycholate (TDC) 
B ecause prior work has suggested that detergents and specif-
ically deoxycholates have effects related to protein concentra-
tions [22J, experiments were conducted to determine optimum 
concentrations of TDC. P reliminary experiments showed that 
taurodeoxycholate was more effective than Na deoxycholate in 
e nhancing enzyme activity of epiderr9al homogenates. T aw'o-
d eoxycholate enhanced phospholipase A activity 2- 3 fold at 
concen trations of .025 to 0.1 % at bo th pH 4.5 a nd 8.5 (resul ts 
n ot shown). In contrast to findings in platelets [22] however, 
t h e relative effects on acid phospholipase were the same at all 
protein concentrations up to 500 fLg per vessel (Fig 2). E nhance-
m e nt of phospholipase activity was similar at .025 and .05%. At 
0 .1 % a lesser effect was noted. Attempts to solubilize enzyme 
activity wi th Tri ton X -lOO (.08%) were unsuccessful since the 
compC'und inhjbi ted phospholipase activi ty by as much as 65% 
(d ata not shown). 
E ffect of Homogenate Concentration of Phospholipase A 
Activity 
When phospholipase activity was expressed as percent of 
['4C] P C hydrolyzed, we found that activity was not Linear with 
r espect to protein concentration above 100 fLg/assay vessel (as 
exemplified in Fig 2). This proved to be due primal'ily to 
dilution of the isotope by endogenous P C. When homogenates 
• In some eXperiments preparations of l-[' ''C) oleyl-2 1inoyl-3 glycer~ l 
phosphocholine synthesized from 1.,2 [ 14C] 0Ieyl-3-glycerol phosphocho-
Line were not well hydl'olyzed by epidermal homogenates. Attempts to 
syn thesize P C la beled with [' ''C) fatty acids at acyl-l did not yield [ 14C] 
PC with high enough specific activity to provide sui table substrate. 
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were assayed for content of PC phosphorous and resul ts ex-
pressed as percent of total PC [I"C] PC p lus endogenous PC) 
both alka line and acid phospho lipase activit ies were linear up 
to 800 fLg protein (Fig 3) . T he PC conten t of the 700 g super-
natan t was 108 ± 8 nmoles/ mg protein (mean ± SD of 6 
experiments). 
Inhibition of Phospholipase by Lysolecithin 
P hospholipase A activity was always lower for t he acid en-
zyme tha n the alkaline. S ince, u nder the condit ions of t he assay, 
LPC accumulated only at pH 4.5, we wondered whether activity 
migh t be inhibited by LPC. Accordingly, homogenates were 
incu bated with ["'C] PC and l -acyl-Iysopho phatidyl choline at 
pH 4.5. When 50 nmoles LPC was added to homogenates 
containing 24, 58, U O fLg protein with tota l PC varying from 85 
to 106 I1moles, hydrolysis of PC was inhi bited 66, 63, and 54% 
respectively (Fig 4). In the experiment shown, control vessels 
produced 6.8, 14.6, and 24.0 nmoles [ I·'C] LPC in the absence of 
added LPC. Addit ion of LPC r educed production of [" 'C] LPC 
to 1.2, 4.3, a nd 9.7 nmoles respectively. T hese findings suggest 
% 14C PC 
HYDROLYZED 
100 250 
Jl9 PROTEIN 
Conc.TDC % 
0--0 0 
--.025 
6----6 .050 
0---0.100 
500 
FIG 2. E ffect of taurodeoxycho late (TD C) on hydrolysis of ["C] 
phosphatidyl choline ![,'C]PC) al varying concentrations of homoge-
nate protein at pH 4.5. 
n moles PC 
HYDROLYZED 
80 
70 
60 
50 
40 
30 
20 
10 
200 
o 
400 600 800 
.M.9 PROTEIN 
FI G 3. Concentration curve fo r phospho lip3se A. Experimenta l con-
ditions as per text. Activity expressed as nmoles of tolal phosphatidy l 
choline hydl'olyzed at varying p rote in concentrations of a 700 g super-
natant a t pH 8.5 (0----0) and pH 4.5 (e--e) . 
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n moles PC 
HYDROLYZED 
30 
20 
10 
20 40 60 100 
J,Lg PROTEIN 
c>---ocontrol 
--lysolecithin 
F IG 4. Effect of lysolecith in on acid phospholipase A: [" C] phos-
phatidyl choline ([ '4C]PC), 81 nmoles incubated wilh homogenates of 
J 7,000 g pellet at varying prote in concentrations with (-----1 and 
without (0---0) 50 nmoles 1-acyl-lysophosphatidyl choline in 0.5 ml 
at pH 4.5. Total PC varied from 85.4 to '106 nmoles. Hesu lts expressed 
as nmoles total PC hydrolyzed . 
that differences in the relative magnitude of phospholipases at 
pH 8.5 and 4.5 may be du e to inhi bition of t he latter by LPC 
and may represent an artifact of t he in vitro conditions which 
are optimal for removal of LPC at the a lkaline range a nd for its 
accumulation at the acid pH. Alternatively, product inhibi t ion 
of the enzyme (at least for the acid enzyme) may afford a 
regulating mechanism for its activity in vivo. 
Subcellular Localization 
Preliminary experiments were carried out to localize phos-
pholipase A in specific subcellular fractions. The 700 g super-
natants suspended in 0.25 M sucrose were subjected to the 
differential centrifugation under varying conditions at 3000, 
17,000,40,.000 and 100,000 g. Most of the activity of the enzym e 
at pH 8.5 was localized in the 100,000 gm supernatant and less 
than 1/3 was particulate. Activity was present in all particulate 
fractions; distribution between particulate and soluble enzyme 
was not significantly different whether sequential centrifugation 
was performed or whether the initial centrifugation was at 
100,000 g. 
In contrast the dist.ribution of activity at acid pH (4.5) was 
significantly a ltered by centrifugation at different gravitational 
forces. Thus afte r ini tial centri fugation at 40,000 or 100,000 g as 
much as 90% of activity was present in t he soluble cytoplasm 
while ini tial centrifugation at 17,000 g produced the maximum 
yield of enzyme activity in this particulate fraction (nearly 1/ 
2). Specific activity of the 17,000 g pellet was highest when 
homogenates were subjecteq to an initial centrifugation at 3,000 
g, l' however, recovery of the acid enzyme in the 2 particulate 
fraction was less tha n 30% of the total. Washing of th e 17,000 
g pellet did not increase its specific activity and resulted in loss 
of total activity. These preliminary experiments suggested that 
the association of acid phospholipase with subcellular particles 
was extremely labile, possibly due to the fragili ty of the parti-
cles. 
In the subsequent experiments, 700 g supernatan ts were 
centrifuged at 17,000 g to delineate t he phospholipase activit ies 
at acid and alkaline pH in a crude subcellular fraction. 
The d istribution of phospholipase A in a sequential centrif-
ugation is shown in T able III. At pH 4.5, nearly 1/2 the activity 
was in the 17,000 g pellet, with neglible activity in the 100,000 
g pellet and th e remainder in soluble cytoplasm. Conversely at 
pH 8.5 almost 70% of the activity was in soluble cytoplasm with 
t This removed nearly all the cytochrome oxidase activity from the 
17,000 g pellet but on ly I 0% of the acid phospholipase and 5% of the 
alkaline enzyme. (Resul ts to be published .) 
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t he particulate activity almost equally distributed between 
17,000 and 100,000 g pellets. 98- 99% of the activity in 700 g 
supernatants was recovered in subsequent fractions. Specific 
activi ty, (Table IV) corrected for endogenous PC content, was 
higher in the 17,000 g pellet than the supernatant at pH 4.5 
while the reverse obtained at pH 8.5. Ratios of pellet vs. 
supernatant activity were 0.77 and 2.4 at pH 8.5 a nd 4.5 respec-
tively suggesting that the acid enzyme has a different subcel-
lular localization from the alkaline one, and is primarily local-
ized in a postmitochondrial large particle fra ction. 
DISCUSSION 
The present experiments have confirmed earlier reports of 
the presence of phospholipase A in epidermis. In this study, we 
have demonstrated at least 2 distinct phospholipases. We have 
confirmed the presence of an alkaline enzyme (pH 8.5) and 
demonstrated the presence of an acid enzyme (pH 4.5). This 
latter finding is in contrast to previous studies [23] in which 
activity against PC was not demonstrable at pH 4.5; this may 
have been due to presence of Triton X -lOO which in oUl' hands 
significantly inhibited enzyme activity. 
The acid phospholipase A, like other acid phospholipases A, 
is not calcium dependent and in concer t with lysosomal phos-
pholipases A has a pH optimum around 4.5 a nd is primarily an 
A, enzyme. Although it was found in particulate fractions and 
soluble cytoplasm, the specific activi ty data suggests primary 
localization in post mitochondrial particulate fraction. This 
in terpretation is based on preliminary observations showing 
that cytochl'ome oxidase activity can be separated from acid 
phospholipase A by initial centrifugation at 3000 g. More defin-
itive characterization of the particulate fraction in terms of 
other acid hydro lases and particle structure is ongoing in the 
laboratory. Presence of enzyme in soluble cytoplasm may attest 
to its presence there in vivo as a result of labilization of organelle 
enzymes; however, its concentration in the particle fraction is 
most probably under estimated due to the apparent extreme 
labili ty of the particles with even very gentle manipulation of 
t issues. These findings suggest that acid phospholipase A may 
be associated with lysosomal-like organelles. The association of 
a phospholipase with such particles would provide a mechanism 
TABLE III. Subcellular distribution of phospholipase A activity 
% of lOlal activity" 
17,000 g P" 
100,000 g P 
100,000 g S 
pH 8.5 
17.4 ± 2.0 
13.7 ± 2.3 
69.7 ± 6.8 
pH 4.5 
42.3 ± 11.5 
1.4 ± 0.5 
56.2 ± 14.8 
" Phospholipase A activity ex pressed as % of lotal recovered activity 
in subcellular fractions prepared from a 700 g supernatant of epidermal 
homogenates. Experiments conducted as per text, protein concentration 
adjusted to 50-100 I'g/vessel. Hesu lts represent means ± SD of 3 
experiments. 
" P = pellet, S = supernatant. 
TABLE IV. Phospholipase in subcellu.lar (ractions 
Specific Activity of Phospholipase" 
700 g supernatan t 
17,000 g pellet 
17,000 g supernatant 
17 PIS' 
pH 8.5 
.098 ± .023" 
.079 ± .016 
.102 ± .027 
.77 ± .25 
pH 4.5 
.074 ± .001 
.167 ± .100 
.051 ± .027 
2.04 ± 1.20 
" Specific activity expressed as percent of phosphatidyl choline uti-
lized per I'g protein. Experimental condi tions as per text: assays were 
conduded in a tota l volume of .36 ml containing 50-70 I'g protein with 
2 mM CaC," (pH 8.5) or 2 mM EDTA (pH 4.5) . 
" Hesults represent mean of 4 experiments ± SD. 
r 17 PIS = ratio of specific activi ties in pai.red 17,000 g pellet (P) and 
supernatant (S). The difference between ratios was statistically signifi-
cant: p < .05. (Student t-test). 
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for l'elease of hydrolytic enzymes for degradation of cellular 
membranes associated with the catabolic events of keratiniza-
tion as well as other more selective autolytic events. In this 
regard, the recent demonstration of an acid sphingomyelinase 
[23] and the accumulation of ceramides [4] in keratinizing cells 
is of interest. 
The alkaline enzyme, located in soluble cytoplasm, may be 
assumed to have a different functional role. Its activity appears 
to include that of a phospholipase A2• Such enzymes in other 
tissues have been thought to playa major role in the turnover 
of membranous phospholipids and specifically of the linoleic 
and arachadonic acid preferentially localized at this position. 
Like other phospholipases A2, t he enzyme is activated by Ca++. 
A variety of phospholipases A2 with widely varying pH op-
tima have been described. A large pal·tide phospholipase A2 in 
the adrenal medulla, for example, has a pH optimum of 6.5 but 
is more active against phosphatidylethanolamine than PC 
[11]. In the present studies, only PC was used as a substrate 
and the results do not rule out the presence of other phospho-
lipase A2 with different substrate affinities. In contrast, phos-
pholipase Al has generally demonstrated less substrate specific-
ity (e.g., 11). 
The effect of lysophospholipase on phospholipase A activity 
is of interest in this regard. In the present studies, it was shown 
to be inhibitory to the acid phospholipase at a concentration 
close to those generated in the assay system. Such product 
inhibition would provide a self-dampening, regulatory mecha-
nism on the activities of phospholipases and provide mecha-
nisms for self-limited and highly selective effects of these en-
zymes at the intracellular level. 
Fw·ther studies are needed to document the precise role of 
phospholipases in epidermal biology. The participation of ph os-
pholipases and theil' product lysophospholipids in such events 
as extrusion of lamellar bodies have yet to be explored in view 
of t heil' apparent role in membrane fusion [24]. Whether acti-
vation of phospholipases is a triggering event in catabolic activ-
ities of granular cells, is an even more intriguing question 
deserving of future investigations. 
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